ABSTRACT
INTRODUCTION
The equine industr y represents the largest animal industry in New Jersey. with 42.500 horses on 7.200 properties (New Jersey Equine Industr y, 2007) . Approximately 89,840 ha (222.000 acres) of farmland are devoted to equine and equine-related production (New Jersey Equine Industry, 2007) . Rutgers Cooperative Extension staff deliver manure management programs to horse producers in New Jersey, including comprehensive assistance focused on all aspects of manure management and nutrient, plonrnng. The State of New Jersey has recently coinpleted guidelines for nutrient management oii New Jersey farms. These guidelines require the development of nutrient management plans on all farms with 8 or more animal units (1 animal unit = 4.55 kg or 1.000 11) BW). This rule received final approval I)v the New Jersey Department of Agriculture on March 16, 2009 : the New Jersey equine industr y will he affected by these rules. According to the New Jersey Equine Industr y (2007) 7 29% of the 7.200 equine farms in the state have 8 or more animal units. This means that more than 2.000 of these farnis will have to develop these management plans.
Manure management is the subject of 2 recent surve ys of the equine industry (Swinker and Johnson, 1995: National Animal Health Monitoring System, 2005) . These 2 studies focused oii manure storage and disposal practices. Swinker and Johnson (1995) found that for confined horses in Colorado. most manure was either stockpiled or fresh spread. Stockpiled manure was saved for spreading or was hauled away. The National Animal Health Monitoring System (2005) survey was a nationwide survey of horse farms that indicated more than 60% of operations disposed of ritanure by applying it to fields (37.6% on grazing fields, 25.5% where no livestock graze). The objective of this survey was to determine managernent practices on New Jersey horse farms. develop a profile of what wellmanaged farms are doing. and target future programs for education.
MATERIALS AND METHODS
A survey to assess current manure management practices was mailed to 2,000 New Jersey equine property owners in the winter of 2006 to 2007. A modified Dilman (1978) survey methodology was followed, which included an initial mailing, followed by a 3-wk reminder postcard, and a second copy of the survey at 6 wk. The initial mailing and the 6-wk copy included a stamped, addressed return envelope. Surveys were mailed by the New Jersey Department of Agriculture (T. Joshua, State Agriculture Statistician) to farmland tax-assessed farms in 6 New Jersey counties (Burlington, Hunterdon, Moninouth, Salem. Somerset, and Sussex). These counties were selected because they are the leading New Jersey counties for equine production (New Jersey Equine Industry, 2007) . The survey list came from tax assessment records because these reflect the most accurate estimate of New Jersey equine farms. The records do not include all farms with horses, but onl y those that qualify for consideration as farms that receive lower tax assessment rates. The chief qualification for lowered rates is at least $1000 of farm income in any calendar year. This list was chosen because of the accessibility of the farms (the smallest farms are very difficult to find) and the ease of conducting the survey using the office of the State Agriculture Statistician. Excluding surveys returned because of inaccurate addresses, a response rate of 24% (n = 472) was achieved (323 returns were required to show a population difference at the 95% confidence interval).
Surveyrecipients were asked questions ( Figure 1 ) related to best management practices. These included the number of horses, pasture acreage, type of operation, demographics, of the owner or manager. manure storage and management practicc< manure spreading on the farm or on nearby acreage. soil testing, pasture management practices, and protection of the environment.
Selected variables and data were used to develop 2 statistical models to determine the relationship between farm demographics, manure storage arid spreading practices. and the implementation of best management practices. The models and the variable are described in Table 1 . These variables were selected because they represent components of equine best management practices. Not all categories of horse numbers or manure management were included because they did not contribute to the statistical model. Only discrete variables were included iii the analysis.
All data were analyzed using the LOGIT regression model (SAS Institute. 1996) , which is often used when the dependent variable is binar. The maximum likelihood estimation method was used to estimate paun- a) a <3 months b) a 3-6 months c) a 6-9 months d) a 9-12 months e) a 1-2 years f) a >2 years 9. Do you compost horse manure? 10. Do you dispose of manure oIl'-l'arm? 11. Do you use a dry lot area on your farm? 12. Do you spread manure oil own farm? 13. Do you use manure as a fertilizer to meet crop needs? 14. Do you test soils to determine crop nutrient needs before spreading manure? 15. Do you drag (using a harrow) any of the fields that are grazed to break up manure piles and make nutrients more available? 16. Gender: etcrs (Gujarati. 1992 : Singer et al. 1999 . 2002 .
RESULTS AND DISCUSSION

Descriptive Data
Of those respoiidiiig to the survey.
18.5% raised horses on training or performance farms: the remainder (81.5%) were from breeding. training. or pleasure farms (see Table 2 ). More than 50% of farms had 5 or fewer horses: only 11.8% had more than 20 horses. There were 56.5% of farms that had 405 ha or less, and only 18.6% had more than 8.09 ha. These farms would all be defined as small farms and may, pose different environmental challenges than other farms.
Of all the farms. 54% indicated they spread manure on their farmland, and 74% indicated that they have a designated area for storing manure (Table 3 ). The manure spreading rate was highest on farms with 20 horses or fewer (Table 4) . Rate of manure spreading decreased on farms with more than 20 horses and with more than 8.09 ha (Tables 1 and 5) The trend for manure storage was for more farms having greater than 8.09 ha to have storage areas compared with farms with less than 8.09 ha (Table 5) . Farms with more horses also had more storage; 94% of farms with more than 20 horses had storage, 84% of farms with 6 to 20 horses had storage. and only 64% of farms with 5 horses or fewer had storage (Table 4) . Greater numbers of larger farms. both horses and acreage. had manure storage areas but a lowem' rate of manure spreading. More farms that stored manure disposed of their manure by having it trucked off the farm rather than by spreading manure. The LOGIT models, to he presented later, showed that there was a positive correlation (P < 0.05) between manure storage and off-farm disposal and a negative correlat ion (P < 0.01) between manure spreading on their own acreage or on nearby acreage and off-farm disposal.
Farm operations (breeding. boarding. pleasure, training, and performance) that had adopted manure spreading had rates of 47 to 59% ( One purpose of this survey was to gain an understanding of the use of management practices for promoting environmental quality and reducing water quality risks posed by horse farms (see Table 3 ). Of all the farms. 83% stored manure 61 m (200 ft) or more from water or wetlands, only 1% reported storing manure within 15.2 in of water or a wetlands. and 86% reported storing manure more than 61 in from a neighbor. The Natural Resource. Agriculture, and Engineering Service (1999) recommends that storage facilities be a minimum of 15.2 in from a property hue, 61 in from a residence, and 30.5 in from wetlands or other surface waters. Forty-seven percent indicated they compost their manure; however, there was no indication of what compost- soil testi ig \vere print icd b y 17. 39. and 32W of respondents. respectively. However. 75% of producers indicated that they drag-or chain-harrow fields to break up manure piles. and 70% indicated the y cleaned stalls daily.
Modeling
A manure storage area that reduces the risk of manure-contaminated, waste-polluting streams is a desirable management practice. In addition, spreading manure, especially accordbig to crop needs and according to a nutrient management plan, can reduce the buildup of nutrients iii the soil and the potential for surface-water contamination.
Based on inialuire storage and spreading survey responses, 2 separate LOGIT models were used that allowed prediction of the maximum Table 7 shows the correlation between the model variables (indepen-(lent) and having designated manure storage (dependent). Number of horses was a predictor for the presence of manure storage. Those with 1 to 5 horses were negatively correlated with iiianure storage, and those with (ito 10 were positivel y correlated (P < 0.01). Farms having 2.43 to 4.05 ha for manure spreading were also positively correlated with having irianure storage.. Farms with greater 'Frequency (no.) of responses for spreading manure was 388, and for storing manure was 379. Cooperative Extension Those who get educational information from trade magazines Those who clean their horse stalls daily** Those who cover their manure pile** Those who dispose of manure off site* Those who use a dry lot area for horses** Those who credit manure as fertilizer in cropping systems Those who soil test their fields Those who drag fields to break up manure piles Those who are female Those who have a 2-or 4-yr college degree Those with a postgraduate degree Those with income between $50,000 and $100,000 Those with income between $100,000 and $149,000 Those with income above $150,000 *p < 0.05; < 0.01. With the LOGIT model, the presence of manure storage was positively correlated (P < 0.05) with having 6 to 10 horses, with having more than 8.09 ha of pasture, with spreading nianure On 2.43 to 4.05 ha, cleaning daily, covering the storage, disposing off site, and having a dry lot area. It was negatively correlated with ha y -i n g 1 t o 5 h o r s e s a n d w i t h s p r e a d i n g manure on 2.02 ha or less Spreading manure was positively correlated (P < (.).05) with having 4.45 to 8.09 ha of pasture and with crediting manure for its fertilizer value. It was negativelv correlated with farrris keeping horses inside <4 h/d and with off-site disposal. The relationship between spreading and horse turnout ma y indicate that when horses are turned out, here is less need for spreadmg. The relationship with crediting manure for its fertilizer value may also indicate that producers are spreading manure with crop uptake in mind.
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Horses in New Jersey are estimated to produce approximately 400,000 tolls of waste every year. These results indicate that although most equine farms did not pose a direct risk to water qualit y or to a neighbor. many do not currently use best management practices iii managing, spreading, or storing manure. Fewer than half of producers make use of dry lots. use manure as a fertilizer, or soil test. regularly. However, most clean their stalls regularly, and 75% drag fields regularly to break up manure. The manure storage model indicated that farms with 6 to it horses were more likely to have a designated storage area: conversely, the spreading model indicated that larger fa.rnis did not necessarily spread manure. The manure spreading model also indicated that those who spread manure were more likely to credit manure for its fertilizer value.
IMPLICATIONS
Hiese results. based oil a New Jersey survey of 172 equine producers, indicate that although most equine farms did not pose a direct, risk to water quality or to a neighbor. most do not currentiv use best management practices iii managing. spreading, or storing manure. Because most equine farmers did not store manure near streams or other water bodies and because tile majorit y (74%) of respondents indicated they have a manure storage area, there may he less risk of manure waste reaching surface waters. Although farms that spread manure are more likely to credit manure in fertilization programs. the y are less likely to soil test or drag their fields. The amount of grazing or turnout time also affected manure spreading rates ill this stud y. Outreach programs should be targeted to increasing the adoption of niamire-related best management, practices especially those related to manure spreading and the management of grazing horses.
